INTRODUCTION
============

The pediatric intensive care unit (PICU) is essential for the early detection and treatment of serious life-threatening conditions in severely ill infants, children, and adolescents. To cope with emergencies, adequate personnel and resources such as pediatric critical care specialists, nurses, and coordinators are required to ensure that established systems and protocols are fulfilled. The need for intensivists in the ICU is steadily increasing with the publication of studies showing that patient survival rates increase when intensivists are present \[[@b1-acc-2019-00752],[@b2-acc-2019-00752]\]. The Leapfrog Group and American College of Critical Care Medicine developed guidelines in 1998 and 2003 that recommended ICU intensivist staffing. These staffing recommendations included not only normal work hour intensivist staffing but also the need for intensivists' immediate response to critical patients transferred to ICUs at other times \[[@b3-acc-2019-00752]-[@b5-acc-2019-00752]\]. In 2008, the Korean Society of Critical Care Medicine introduced a detailed system concerning critical care personnel needs. This system also stipulates that a critical care specialist may manage the ICU \[[@b6-acc-2019-00752]\].

One study reported that, when an intensivist was present in the PICU, survival rate improved and better outcomes were reported for patients with diseases of different severity \[[@b7-acc-2019-00752]\]. In 1985, the first PICU opened in the Seoul National University Children's Hospital. Currently, a total of 12 Korean hospitals operate PICUs and employ a total of 28 intensivists \[[@b8-acc-2019-00752]\]. However, there are no data on the types of interventions performed by intensivists in the PICU and on the relationship between intensivist staffing and patients' prognoses in Korea. This study is the first report to evaluate the impacts of intensivist staffing in a Korean PICU. The purpose of this study was to investigate the differences in patients' characteristics and prognoses before and after intensivist staffing was implemented in the PICU of a single tertiary children's hospital in Korea.

MATERIALS AND METHODS
=====================

Study Materials and Data Collection
-----------------------------------

Patients who were admitted to the PICU of Kyungpook National University Children's Hospital (KNUCH) from November 2015 to February 2018 were included in the present study. The KNUCH opened in September 2013 with 100 beds. The PICU has five beds (including one isolation room) which are for both medical and surgical patients, including cardiac surgery. There is no separate pediatric cardiac ICU. The number of beds did not change from November 2015 to February 2018. Since February 2017, two intensivists have been working in the PICU, which has been operated as a closed and high-intensity ICU. Closed and high-intensity ICU means that the intensivist makes all clinical decisions for the patients from admission and treatment to discharge \[[@b6-acc-2019-00752]\]. Intensivists worked during daytime hours (8:00 AM--8:00 PM) on weekdays and were on-call to work at any time needed on weekends, holidays, and nights. Since February 2017, a pediatric rapid response system has been assembled in the KNUCH, and two intensivists and one nurse participate in the pediatric rapid response system.

The study period was divided into two periods: period 1 (November 2015--January 2017) when there was no intensivist staffing and period 2 (February 2017--February 2018) when intensivists were present. All patients' medical records were retrospectively reviewed, and the following data were documented: patient's age at the time of admission to the PICU, cause for PICU admission, known chronic illness, critical care priority level according to ICU admission criteria \[[@b9-acc-2019-00752]\], pediatric Sequential Organ Failure Assessment (pSOFA) score \[[@b10-acc-2019-00752]\], length of stay, time spent on mechanical ventilation, course in hospital, and any cardiopulmonary resuscitation (CPR) events.

Admissions were divided into four groups according to the Society of Critical Care Medicine ICU admission prioritization model \[[@b9-acc-2019-00752]\]. The priority 1 group included patients who required life support for organ failure, intensive monitoring, and therapies that are only available in the ICU environment. The priority 2 group included patients who required active monitoring and immediate treatment at any time with no limits on the extent of the therapy. The priority 3 group included those who could be managed at a lower level of care than the ICU. Patients in the priority 4 group were those with low or no probability of recovery/survival. The time of admission to the PICU was divided into daytime (8:00 AM--6:00 PM) and night time (remaining hours), for all weekdays, weekends, and holidays.

The pSOFA score \[[@b10-acc-2019-00752]\] was calculated for every patient admitted to the PICU. The pSOFA score is calculated based on dysfunction by organ system, such as the respiratory, coagulation, hepatobiliary, cardiovascular, neurologic, and renal systems; the score ranges from a minimum of 0 to a maximum of 24. The pSOFA score was measured daily until the 7th day of admission. The initial score was defined as the first score on the first day of admission, and the peak score was defined as the highest score within the 7 days after PICU admission.

The primary outcome was to evaluate the patient's progress including length of the ICU stay, ventilator application, and mortality. The secondary outcome was to analyze operation of the ICU such as bed occupancy rate and bed turnover rate. The bed occupancy rate was calculated by dividing the average daily census by the number of beds. The bed turnover rate was calculated by dividing the number of discharges by the number of beds \[[@b11-acc-2019-00752]\].

Statistical Analysis
--------------------

All statistical analyses were performed using IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA). The values of variables are expressed as frequency or median and range. Because of non-normal distributions of the variables, we used the Mann-Whitney U-test to compare the two groups. A logistic regression was used to study the relationships among three major causes for admission. Analysis of covariance and Cochran--Mantel--Haenszel tests with adjustment for pSOFA were performed to compare the difference of outcomes between period 1 and period 2 including death, expected or unexpected CPR, duration of PICU stay, and ventilation. A P-value of \<0.05 was considered to be statistically significant.

Ethics Statement
----------------

The Institutional Review Board of Kyungpook National University Chilgok Hospital reviewed and approved the protocol for this study (IRB No. 2018-10-009), and waived the requirement for informed consent.

RESULTS
=======

Patient Characteristics
-----------------------

During period 1, 97 patients were admitted to the PICU; during period 2, 135 patients were admitted. The age at admission was 5.4 years (range, 0.7--10.3 years) for period 1 and 3.6 years (range, 0.2--5.1 years) for period 2 (P=0.013) ([Table 1](#t1-acc-2019-00752){ref-type="table"}). The bed occupancy rate decreased in period 2 (75%; range, 73%--88%) compared to period 1 (89%; range, 81%--94%; P=0.015). However, the monthly bed turnover rate increased in period 2 (2.2%; range, 1.9%--2.7%) compared to period 1 (1.5%; range, 1.1%--1.7%; P=0.005) ([Table 1](#t1-acc-2019-00752){ref-type="table"}).

In terms of ICU admissions by priority level, 34 of patients (35%) met the priority 1 criteria during period 1, and 52 (39%) were classified as priority 1 during period 2. During period 1, 60 of patients (62%) were classified as priority 2, and 82 of patients (61%) were classified as priority 2 during period 2. The number of patients who met the priority 1 and 2 criteria was not significantly different between period 1 and 2 (P=0.367). Three patients were classified as priority 4B (and should not have been in the ICU) during period 1 and one patient was classified as priority 4B in period 2 ([Figure 1](#f1-acc-2019-00752){ref-type="fig"}).

The causes for admission to the PICU were classified according to type of condition ([Figure 2](#f2-acc-2019-00752){ref-type="fig"}). When comparing the three major causes for admission during the two periods using logistic regression analysis, patients with cardiovascular problems were more prevalent in period 2 than period 1 (P=0.008). Of patients admitted to the PICU, 66 (68%) had chronic illness in period 1 and 79 (59%) in period 2 (P=0.139). In both periods, patients with chronic neurologic illness were the most common ([Table 1](#t1-acc-2019-00752){ref-type="table"}, [Figure 3](#f3-acc-2019-00752){ref-type="fig"}). When comparing time of admission to the PICU, 38 of patients (39%) in period 1 were admitted to the PICU during the daytime compared to 85 (63%) in period 2 (P\<0.001) ([Table 1](#t1-acc-2019-00752){ref-type="table"}).

Hospitalization
---------------

The length of PICU stay, parameters related with mechanical ventilation and tracheostomy, and pSOFA score are shown in [Table 2](#t2-acc-2019-00752){ref-type="table"}. Regarding procedures performed in the PICU, five patients in period 2 needed continuous renal replacement therapy (CRRT), and no patient needed this procedure during period 1. After admission to the PICU, tracheostomy was performed in three patients in period 1 and nine patients in period 2 (P=0.169). All tracheostomy patients in period 1 and seven tracheostomy patients (78%) in period 2 had neurologic and genetic problems. The median duration from PICU admission to tracheostomy was 16 days (range, 13--35 days) in period 1 and 22 days (range, 14--30 days) in period 2. A home ventilator was required for one patient in period 1 and nine patients in period 2.

The initial pSOFA score on the first day of PICU admission was 3.0 (range, 1.0--6.5) in period 1 and 3.0 (range 2.0--6.0) in period 2 (P=0.529). The peak pSOFA score during PICU stay was 6.0 (range, 2.0--11.0) in period 1 and 4.5 (range, 2.0--7.8) in period 2 (P=0.173). The peak score for deceased and surviving patients were not different between period 1 and 2 (13.9±3.4 vs. 14.0±3.5, P=1.000; 5.5±4.4 vs. 5.3±3.8, respectively, P=0.961). Fourteen patients (14%) died in period 1 and 16 (12%) in period 2; the difference was not significant (P=0.563). In the PICU, there were two unexpected, sudden CPR cases in period 1, both of which were caused by acute respiratory failure. There were no CPR cases in period 2. On the general wards, there were nine CPR cases in period 1 and none in period 2.

DISCUSSION
==========

Although we did not find significant differences in survival outcomes between the two periods we studied (with and without intensivist staffing), intensivist staffing in the PICU resulted in better bed occupancy and turnover rates due to more efficient use of the limited beds in the unit. These outcomes were related to the system operating as a closed and high-intensity ICU. PICU intensivists are able to make informed and appropriate admission (using admission criteria) and discharge decisions. This system of operation resulted in an increase in the number of patients admitted as well as improvement of occupancy and turnover rates. The decision to perform tracheostomy is an example of how intensivists improved PICU operating efficiency. The intensivists chose tracheostomy when no intensive treatments other than assisted respiration were needed. The intensivists promptly recognized when a patient could be safely transferred to a ward while using a home ventilator or high flow nasal cannula thereby shortening the average length of PICU stay.

Cardiovascular, neurologic, and respiratory problems were the main causes of admission to the PICU. In particular, patients with cardiovascular problems were hospitalized more in period 2 than in period 1. A pediatric cardiologist has been on staff at the Children's Hospital since September 2016. The presence of the pediatric cardiologist may have been responsible for the increased number of patients admitted with heart disease. In addition, our PICU is a mixed ICU for both medical and surgical patients without a separate pediatric cardiac ICU.

The intensivist staffing affected the transfer timing in the PICU. We found that more patients were transferred into the PICU during daytime hours with intensivist staffing. An important point is that intensivists participated in the pediatric rapid response system optimized for screening and treatment of more serious patients. Patients who were likely to be admitted to the PICU were continuously monitored by intensivists using the pediatric rapid response system and were admitted to the PICU before their condition deteriorated.

The PICU intensivists have also influenced the type of procedures that are performed in the PICU. An example of this is the intensivist's capability to perform a catheter insertion for CRRT. Medical staff, including nurses, underwent repeated training to ensure a working environment in which the implementation of CRRT was supported. As mentioned above, performance of tracheostomies is also within an intensivist's area of expertise. Tracheostomy was performed only three times in period 1, but in period 2 there were 19 tracheostomies. The applications of home ventilators also increased.

Several studies have shown that intensivist staffing in the ICU improved the survival rate, decreased the length of stay, and significantly decreased ICU or hospital mortality \[[@b1-acc-2019-00752],[@b2-acc-2019-00752],[@b6-acc-2019-00752],[@b12-acc-2019-00752]-[@b14-acc-2019-00752]\]. In addition, a previous study reported that the average number of days on mechanical ventilation decreased and the number of hospitalized patients in the ICU decreased with the intensivist system even though mortality did not significantly decrease \[[@b15-acc-2019-00752]\]. However, in the present study, the effects of the PICU intensivist staffing on survival rate, length of PICU stay, and ICU or hospital mortality were not statistically significant.

Pronovost et al. \[[@b1-acc-2019-00752]\] compared treatment outcomes according to the type of ICU and showed a significant reduction in mortality in high-intensity intensive care units compared to low-intensity intensive care units. Additionally, the prognosis of patients improved in hospitals with 24-hour coverage by intensivists \[[@b2-acc-2019-00752]\]. In contrast, another previous study showed that there were no significant differences in treatment outcomes in an ICU with the high-intensity night time intensivist staffing model \[[@b16-acc-2019-00752]\]. The KNUCH PICU followed the high-intensity daytime staffing model. Two sudden CPR events due to acute respiratory failure occurred in period 1, but none occurred in period 2. We believe that this was related to the close monitoring of PICU patients' conditions by intensivists during period 2. Their early assessments of inadequate respiratory support prevented any respiratory failures.

A limitation of the present study is the retrospective study design, small sample size and, a relatively short period. Also, data were acquired from a single tertiary children's hospital in Korea. During the study period, two intensivists were working in the PICU. This number varies depending on region and institution, limiting our ability to generalize the study results. In conclusion, pediatric intensivist staffing in the PICU may affect efficient ICU operations. However, further study is needed to determine PICU intensivist staffing impact on patients' outcomes.

KEY MESSAGES
============

▪ Pediatric intensivist staffing in the pediatric intensive care unit (PICU) did not significantly reduce the length of stay or improve the priority classification of admitted patients.

▪ Intensivist staffing in the PICU decreased the bed occupancy rate and increased the monthly bed turnover rate.

▪ No sudden cardiopulmonary resuscitation events occurred on the general wards when the PICU had intensivist staffing.
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![Percentage of admitted patients as per priority. Period 1: between November 2015 to January 2017 (no intensivist staffing); period 2: between February 2017 to February 2018 (intensivists staffing); Priority 1, patients who required life support for organ failure, intensive monitoring, and therapies that are only available in the intensive care unit (ICU) environment; priority 2, patients who required active monitoring and immediate treatment at any time with no limits on the extent of the therapy; priority 3, patients who could be managed at a lower level of care than the ICU; priority 4, patients with low or no probability of recovery/survival.](acc-2019-00752f1){#f1-acc-2019-00752}

![Cause for admission to pediatric intensive care unit (PICU). The three major causes for PICU admission during the two periods were cardiovascular, neurologic, and pulmonary problems. Period 1: between November 2015 to January 2017 (no intensivist staffing); period 2: between February 2017 to February 2018 (intensivists staffing).](acc-2019-00752f2){#f2-acc-2019-00752}

![Classification of chronic illness. In both periods, patients with chronic neurologic illness were the most common. Period 1: between November 2015 to January 2017 (no intensivist staffing); period 2: between February 2017 to February 2018 (intensivists staffing).](acc-2019-00752f3){#f3-acc-2019-00752}

###### 

Patient characteristics

  Variable                Period 1 (n=97)   Period 2 (n=135)   P-value
  ----------------------- ----------------- ------------------ ---------
  Age at admission (yr)   5.4 (0.7--10.3)   3.6 (0.2--5.1)     0.013
  Chronic illness                                              
   Yes                    66 (68)           79 (59)            0.071
   None                   31 (32)           56 (41)            
  Time of admission                                            
   Day                    38 (39)           85 (63)            \<0.001
   Night                  59 (61)           50 (37)            
  Monthly BOR (%)         89 (81--94)       75 (73--88)        0.015
  Monthly BTR (%)         1.5 (1.1--1.7)    2.2 (1.9--2.7)     0.005

Values are presented as median (range) or number (%). Period 1: between November 2015 to January 2017 (no intensivist staffing); period 2: between February 2017 to February 2018 (intensivists staffing).

BOR: bed occupancy rate; BTR: bed turnover rate.

###### 

Hospitalization and prognosis

  Variable                                                        Period 1 (n=97)     Period 2 (n=135)    P-value   Adjusted P-value^[a](#tfn1-acc-2019-00752){ref-type="table-fn"}^
  --------------------------------------------------------------- ------------------- ------------------- --------- ------------------------------------------------------------------
  pSOFA score                                                                                                       
   Initial                                                        3.0 (1.0--6.5)      3.0 (2.0--6.0)      0.529     
   Peak                                                           6.0 (2.0--11.0)     4.5 (2.0--7.8)      0.173     
  Length of PICU stay (day)                                       3.0 (2.0--17.0)     4.0 (2.0--14.0)     0.367     0.755
  Ventilator application                                          43 (44)             56 (41)             0.688     0.756
   Length of ventilator application (day)                         14.0 (2.0--30.0)    9.5 (2.0--21.5)     0.424     0.231
   Application of ventilator for more than 30 days                11 (26)             10 (18)             0.241     0.454
   Length of ventilator application for more than 30 days (day)   36.0 (33.0--92.0)   47.5 (36.2--63.8)   0.725     
  Tracheostomy                                                    3                   9                   0.169     
   Duration from PICU admission to tracheostomy (day)             16 (13--35)         22 (14--30)                   
  Death                                                           14 (14)             16 (12)             0.563     0.346
  CPR                                                                                                               
   Expected                                                       4                   6                   0.934     0.812
   Unexpected                                                     2                   0                   0.418     0.285

Values are presented as median (range) or number (%). Period 1: between November 2015 to January 2017 (no intensivist staffing); period 2: between February 2017 to February 2018 (intensivists staffing).

pSOFA: pediatric Sequential Organ Failure Assessment; PICU: pediatric intensive care unit; CPR: cardiopulmonary resuscitation.

Statistics value corrected with pSOFA.
